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© A distributed feedback semiconductor laser device. 

<g) A distributed feedback semiconductor laser device com- 
prising a laser oscillation region and a distributed reflector 
which are provided in a laminated crystal structure, and 
comprising facets at both the ends, wherein a light emitting face 
(10) is disposed at one or- both ends of the laser oscillation 
region, the face (10) being parallel to the lamination direction 
and intersecting with the light emitting direction at an angle 
which is 90 degrees minus the Brewster angle. 
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Description 



A DISTRIBUTED FEEDBACK SEMICONDUCTOR LASER DEVICE 



This invention relates to a distributed feedback 
semiconductor laser device having a distributed 
reflector in a laminated crystal structure. 5 

A distributed feedback semiconductor laser de- 
vice, in which the refractive index or the absorption 
coefficient is changed at the same periodicity as the 
wavelength of the laser beam in the direction of the 
propagation of the laser beam, can easily achieve 10 
< laser oscillation in a single longitudinal mode, and 
does not discontinuously change its oscillating 
wavelength even when the temperature or the 
excitation current level is changed rapidly. Accord- 
ingly, such a device is very useful as a light source of 15 
an optical communication system or optical measur- 
ing system. 

In such a distributed feedback semiconductor 
laser device, it is critically important to prevent laser 
oscillation in a Fabry-Perot resonator mode. In other 20 
words, such a device must be constructed so that 
the cleavage facets of both the ends do not 
constitute a Fabry-Perot resonator. It has been 
proposed to provide such a construction by pro- 
cessing physically or chemically one or both of the 25 
ends of the device to be corrugated, or by forming 
one or both of the ends to be slanted so as not to be 
perpendicular to the growth surface of the laminated 
crystal structure (for example, OQE83-100, Vol. 83, 
No. 251, p57-64, Jan. 25, 1984, and Japanese Laid 30 
Open Patent Publication No. 52-86786). 

In a semiconductor laser device having such a 
construction, however, the laser beam is scattered 
or reflected into a direction other than the light 
emitting direction at the facets to prevent oscillation 35 
in a Fabry-Perot resonator mode, thereby causing a 
significant loss, lowering the gain of the device. 
Hence, a distributed feedback semiconductor laser 
generally has a lower differential efficiency than that 
of a conventional semiconductor faser having a 40 
Fabry-Perot resonator. 

In order to eliminate such a loss caused at the 
facets, it has been proposed that one of the facets 
be coated by dielectric layers so as to provide a 
lower reflectivity and the other facet be coated so as 45 
to provide a higher reflectivity. However, this 
technique also has drawbacks in that it is difficult to 
produce a laser beam output for monitoring and that 
the yield of high quality devices is very poor because 
one of the facets must be coated by five or more 50 
dielectric layers to provide the lower reflectivity. 

It is an object of the present invention to provide a 
distributed feedback serniconductor laser device 
which overcomes the above-discussed and other 
disadvantages and deficiencies of the known de- 55 
vices. 

In accordance with the present invention, there is 
provided a distributed feedback semiconductor 
laser device comprising a laser oscillation region and 
a distributed reflector which are provided in a 60 
laminated crystal structure, and comprising facets at 
both the ends, wherein a light emitting face is 
disposed at one or both the ends of the laser 



oscillation region, the face being parallel to the 
lamination direction and intersecting with the light 
emitting direction at an angle which is 90 degress 
minus the Brewster angle. 

In a preferred embodiment, the face is disposed 
inward from the corresponding one of the facets. 

In a preferred embodiment, the width of the face is 
greater than the width of the laser oscillation region. 

Thus, the invention described herein makes 
possible the provisions of (1) a distributed feedback 
semiconductor teser device which attains laser 
oscillation in a distributed feedback mode without 
impairing the differential efficiency; (2) a distributed 
feedback semiconductor laser device of high quality 
which can be manufactured with a high yield; (3) a 
distributed feedback semiconductor laser device in 
which laser oscillation in a Fabry-Perot resonator 
mode can be effectively prevented without corrugat- 
ing, slanting or coating the facets; (4) a distributed 
feedback semiconductor laser device which will not 
produce a substantial loss at the facets; and (5) a 
distributed feedback semiconductor laser device 
which can be manufactured easily. 

The invention is described further hereinafter, by 
way of example only, with reference to the accompa- 
nying drawings, in which:- 

Figure 1 is a plan view showing a distributed 
feedback semiconductor laser device of this 
invention ; 

Figure 2 is a cross sectional view taken along 

the line X-X of Figure 1 ; and 

Figure 3 is a plan view of a portion of a wafer 

for illustrating the method of manufacturing the 

device shown in Figure 1 . 
Figure 1 shows a distributed feedback semi-con- 
ductor laser device of this invention which, as shown 
in Figure 2, comprises an n-lnP substrate 2, an 
n-side electrode 1 formed on the under face of the 
substrate 2, and a laminated crystal structure grown 
on the (100) face of the substrate 2. The laminated 
crystal structure comprises an n-lnP buffer layer 3, 
an undoped InGaAsP active layer 4, a p-lnGaAsP 
optical guiding layer 5 which has a greater energy 
band gap than that of the active layer 4 and on which 
a distributed reflector 21 is formed, a p-lnP cladding 
layer 6, a p-lnGaA sP contacting layer 7, an Si3N 4 film 
8, and a p-side electrode 9 formed on the contacting 
layer 7. 

The distributed feedback semiconductor laser 
device A has two faces 10 which are positioned at 
the two ends of the oscillating cavity, respectively. 
The faces 10 are one wall of recesses 10 which are 
formed at the end facets 11, respectively. The width 
W 2 of the recesses 12 is twice the width W1 of the 
electrode 9. The recesses 12 have an opening which 
opens at the top of the device A and has a 
trapezoidal shape in plan view. The top of th faces 
10 corresponds to the oblique side of the trapezoid. 
The faces 10 are formed so that they are perpendicu- 
lar to the (100) face of the double heterostructure of 
the device A and from a predetermined angle 9 with 
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the laser beam emitting direction which is shown by 
a double-pointed arrow 13 in Figure 1. 

The angle & is selected so as to satisfy the 
following Equation (1): 
tan (90° - 0) - n ....(1) 

where n is the refractive index for the wavelength of 
the laser beam of the medium through which the 
laser beam propagates. The tangent of the Brewster 
angle a is equal to the refractive index n, i.e.; 
tan a n ....(2) 

Substituting the Equation (2) into the Equation (1), 
the angle 0 can be expressed as follows: 
* 0=90° -a ....(3) 

In a preferred embodiment, the angle Q is selected 
to be within the range of 70° to 80° . 

In the device of the example, the electric field of 
the laser beam is parallel to the (100) face. Hence, 
the polarization direction is also parallel to the (100) 
face, resulting in the laser beam entering the faces 
10 at the Brewster angle and not being substantially 
reflected. Generally, a portion of the laser beam has 
an electric field which is perpendicular to the (100) 
face. The faces 10 act as highly reflec tive faces so 
that, when this portion of the laser beam is incident 
on the faces 10, it is reflected into the direction 20 
forming an angle of 2 x (90° - & ) with the propaga- 
tion direction of the laser beam. Therefore, this 
portion of the laser beam is not included in the laser 
beam emitted from the faces 10, resulting in an 
improved degree of polarization of the device A. 

The distributed feedback semiconductor laser 
device A having the above-mentioned structure is 
manufactured as follows: On the (100) face of the 
substrate 2, the n-buffer layer 3, the active layer 4, 
and the p-optical guiding layer 5 are successively 
grown by, a conventional liquid phase epitaxial 
growth method. The surface of the layer 5 is coated 
with a photo-resist to form a photo-resist film, which 
is then subjected to a conventional two-beam 
interference < exposure treatment, resulting in a 
grating pattern of the photo-resist film. Using the 
resulting photo-resist film as a mask, grooves having 
substantially the same period as that of the laser 
beam along the direction of the laser beam propaga- 
tion are formed on the optical guiding layer 5 by a 
chemical etching technique in which a mixture 
solution of saturated bromine water, phosphoric 
acid and water (2:1:15) is used as an etchant. The 
obtained diffraction grating 21 constitutes a dis- 
tributed reflector. Thereafter, a second liquid phase 
epitaxial growth js conducted to successively grow 
the p-lnP cladding layer 6 and the p-lnGaAsP 
contacting layer 7 on the diffraction grating 21. On 
the contacting layer 7, Si3N4 is then deposited by an 
appropriate method such as a plasma CVD to form 
the Si 3 N 4 film 8. 

Figure 3 shows a wafer 15 on which the 
above-mentioned processes have been conducted 
to form a plurality of the lamination structures. Some 
areas of the S13N4 film 8 on the wafer 15 are etched 
away by a conventional photolithographic technique 
to form an array of windows 17 in the film 8. Each of 
the Si3N4 windows 17 is shaped into a parallelogram 
in a plan view and positioned so that their pitch in the 
direction of the laser beam propagation corre- 



sponds to the distance between the facets 11 
(Figure 1) which will be formed later. Thereafter, the 
wafer 15 is subjected to reactive ion beam etching, 
using the film 8 having windows 17 as a mask, to 

5 form recess portions 12 (Figure 1 and 2) which have 
a parallelogram shape in a plan view and reach the 
n-buffer layer 3. Then, the stripe areas of the Si3N4 
film 8 between two corresponding etched portions 
12 are removed by etching, followed by the deposi- 

10 tion of the stripe electrodes 9 in the stripe etched 
areas. The wafer 15 is then cut along the on -dot 
chain lines 18 and the two-dot chain lines 19 into 
individual laser devices A. 

Although the above-mentioned example discloses 

15 only an InGaAsP/lnP striped electrode semiconduc- 
tor laser device, it is not limited thereto. Other 
semiconductor laser devices comprising other ma- 
terials such as GaAIAs/GaAs, and InGaP/lnGaAlP 
can be applied. Further, the present invention can be 

20 applied to semiconductor laser devices having other 
structures such as a buried structure. 

It is understood that various other modificactions 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope of 

25 this invention as defined by the appended claims. 



Claims 

30 3 

1. A distributed feedback semiconductor 
laser device comprising a laser oscillation 
region and a distributed reflector which ar 
provided in a laminated crystal structure, and 

35 comprising facets 'at both the ends, charac- 

terized in that a light emitting face (10) is 
disposed at one or both ends of the laser 
oscillation region, said face (10) being parallel 
to the lamination direction and intersecting with 

40 the light emitting direction at an angle which is 

90 degrees minus the Brewster angle. 

2. A distributed feedback semiconductor 
laser device according to claim 1 , wherein the 
face (10) is disposed inward from the corre- 

45 sponding one of said facets. 

3. A distributed feedback semiconductor 
laser device according to claim 1, wherein the 
width of the face (10) is greater than the width 
of said laser oscillation region. 
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© A distributed feedback semiconductor laser device. 



©• A distributed feedback semiconductor laser de- 
vice comprising a laser oscillation region and a dis- 
tributed reflector which are provided in a laminated 
crystal structure, and comprising facets at both the 
ends, wherein a light emitting face (10) is disposed 
<v>at one or both ends of the laser oscillation region, 
^the face (10) being parallel to the lamination direc- 
^tion and intersecting with the light emitting direction 
0)at an angle which is 90 degrees minus the Brewster 
(0 angle. 
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